Results of the landmark Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) trial comparing rhythm control and rate control strategies has led to dramatic changes in the pharmacological management of non-valvular atrial fibrillation (NVAF) patients. We sought to investigate the effect of antiarrhythmic drugs (AADs) on the clinical outcomes of NVAF patients using "real-world" data from China.
Background
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia, carrying a substantially increased risk of morbidity and mortality. AF negatively impacts quality of life of patients and imposes significant burden on health care systems around the world [1] [2] [3] [4] . Antiarrhythmic drugs (AADs) are traditionally regarded as a cornerstone for AF management to restore and maintain sinus rhythm. However, the landmark Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) study [5] and other subsequent randomized controlled trials [6] [7] [8] [9] [10] [11] [12] reported no survival advantage of rhythm-control strategy over rate-control drugs. Contrastingly, recent systematic reviews suggested rhythm control may be beneficial for a subgroup of younger and healthier patients [13, 14] . Moreover, registry studies also demonstrated insignificant [15, 16] or significant [17] improvements in overall mortality for rhythm control strategy in comparison to rate control strategy. Due to uncertainties relating to the safety and efficacy of AADs, clinicians may avoid prescribing AAD for high risk patients according to the AF guidelines [3, 4, 18] or use medicines like sotalol [19, 20] , which have reported adverse survival effect, in their practice. An "up-to-date" investigation of the effects of AAD on clinical outcomes of AF patients using current "real-world" data is important in the context of significant changes in the selection of patients and AAD agents. As such, our study aimed to evaluate the association between AAD usage and patient prognosis using data from the China Atrial Fibrillation registry (China-AF) study.
Material and Methods

Study population
The rationale and design of the China-AF study have been described previously [21, 22] . In brief, the China-AF study is a prospective, multicenter, hospital-based ongoing registry study. Between August 2011 and February 2017, 20 666 patients were enrolled from 31 tertiary and non-tertiary hospitals located in Beijing. The Human Research Ethics Committee at Beijing Anzhen Hospital approved this study and the ethics review boards at individual participating hospitals approved their participation. Written informed consent was obtained from each patient.
Patients with non-valvular atrial fibrillation (NVAF) were identified from the China-AF study database. For the present analyses, we excluded patients less than 18 years of age (n=1), those with valvular AF (n=579), those who had less than 6 months' follow-up (n=634) or lacked follow-up data (n=757), those who had prior AAD usage before registry enrollment (n=7340), and those with catheter ablation or surgical ablation (n=3078) during the index hospitalization. Patients who received ablation therapy during follow-up were censored at the time of ablation except for the 116 excluded patients as the duration period between their registry enrollment and ablation was less than 6 months.
There were 1994 patients who received either class I (propafenone, moricizine, mexiletine) or class III (amiodarone, sotalol) AAD upon registry enrollment and during follow-up and who were classified into the AAD group, and were censored at the time of discontinuation of AAD usage during the follow-up period according to the "as treated" definition of exposure. Within the AAD group, 689 patients (34.5%) received amiodarone therapy. Propafenone and sotalol were used in 458 patients (23.0%) and 93 patients (4.7%) respectively. The remaining 754 patients (37.8%) received other antiarrhythmic agents (such as moricizine), switched between different AADs, or had a combination of AADs. Patients who did not use any of the aforementioned AADs were classified into the non-AAD group (Figure 1 ), and they were censored at 1-year after registry enrollment.
Data collection
Upon patient enrollment, data on sociodemographic characteristics (age, gender, education status, and medical insurance coverage), medical history including established coronary artery disease (CAD), diabetes mellitus, hypertension, hyperlipidemia, chronic heart failure (CHF), major bleeding, previous stroke/transient ischemic attack (TIA)/peripheral thromboembolism (TE), liver function, renal function (presented as estimated glomerular filtration rate, eGFR), AF type (new-onset, paroxysmal or persistent) and time of AF diagnosis, medication history, as well as the patient treatment site were collected. We used multiple imputation to fill in the missing values. Patients were followed up at 3 months, 6 months, and every 6 months thereafter by trained staff at the outpatient clinics or through telephone interview. Data on heart rhythm, medical therapies, cardioversion, and outcomes including all-cause death, cardiovascular death, nonfatal strokes, and hospitalizations were recorded.
Established CAD was defined as having any history of myocardial infarction, percutaneous coronary intervention, or coronary artery bypass grafting. Abnormal liver function was defined as having serum level of aspartate aminotransferase or alanine aminotransferase >120 U/L and total bilirubin >34.2 μmol/L. Estimated glomerular filtration rate (eGFR) was calculated using the abbreviated equation from the Modification of Diet in Renal Disease study [23] . Definitions of ischemic stroke and cardiovascular hospitalization (CVH) were adopted from the American College of Cardiology/American Heart Association Task Force on Clinical Data Standards report [24] .
Study outcomes
The primary outcome of the study was all-cause mortality and the secondary outcomes were cardiovascular death, ischemic stroke, and CVH separately. Outcomes occurring prior to AAD usage were not considered events of interest. We also evaluated the rate of sinus rhythm maintenance at the penultimate follow-up.
Statistical analysis
Descriptive data were presented as mean ± standard deviation (SD) for continuous data or number (percentage) for categorical data. Baseline characteristics and clinical outcomes were compared between AAD group and non-AAD group using the Student's t-test (for continuous variables) or the chisquare test (for categorical variables).
Rates of primary and secondary outcomes occurrence during follow-up were depicted in Kaplan-Meier plots and compared using the log-rank test. Cox proportional hazards regression model were used to evaluate the hazard ratios (HRs) and their 95% confidence intervals (CIs) of AAD usage with each outcome. Before modeling, we removed the survival person-time between registry entry and the first prescription of AAD during follow-up to minimize the immortal time bias [25] . Multivariate models were adjusted for potential confounders including baseline age, sex, education status (high school completion), health insurance coverage (partial or complete health insurance coverage), body mass index (BMI), smoking and drinking status (current smoking and current drinking), history of established CAD, diabetes mellitus, hypertension, hyperlipidemia, CHF, previous bleeding, stroke/TIA/TE, abnormal liver function, eGFR <60 mL/min/1.73 m 2 , AF type (persistent AF) and diagnosis of AF ³12 months, and hospital level (tertiary hospital). We also included oral anticoagulant (OAC) usage and hospitalization history at the penultimate follow-up as time-dependent covariates in the multivariable models. Subgroups analysis was conducted to explore the differential effects of AAD use on the risk of clinical outcomes by age (<75 years versus ³75 years), sex, previous CAD, CHF, AF type (paroxysmal versus persistent) and time since AF diagnosis (<12 versus ³12 months). Rate of sinus rhythm maintenance was evaluated by chi-square test. For the sensitivity analyses, we prolonged observation period up to 2 years after registry enrollment.
All statistical tests were 2-tailed and P value <0.05 was considered statistically significant. All analyses were conducted by an external contract research organization, using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Results
Baseline characteristics
Among 8161 patients with NVAF included in the present study, 1994 individuals (24.4%) received AADs therapy. Table 1 shows that patients treated with AAD were younger (mean age 66.9 versus 68.6 years old), more frequently completed high school education, had fewer comorbidities such as CAD, diabetes mellitus, hypertension, CHF, prior bleeding and stroke, and were more likely to be treated in tertiary hospitals. The proportion of persistent AF was much lower among users of AADs, who were also less likely to be taking concomitant OAC. The b-blockers usage in the AAD group and non-AAD group was 51.9% and 57.2%, and the usage of digoxin was 7.2% and 14.1% in each group, respectively (Table 1) . Cardioversion was conducted in 1.7% of AAD group patients and in 0.8% of non-AAD group patients. During follow-up, cardioversion was applied in 0.2% of all patients.
Clinical outcomes
The event-free-survival curves are shown in Figure 2 . Compared with the non-AAD group, patients in the AAD group had lower incidence (per 100 person-years) of all-cause mortality (1.44 versus 3.91), cardiovascular death (0.45 versus 2.31), ischemic stroke (1.36 versus 2.03), and CVH (9.83 versus 10.22) over a mean follow-up duration of 316.7±90.4 days. After adjusting for potential baseline confounders and time-dependent covariates including OAC usage and treatment site at the penultimate follow-up, the AAD group patients were at significantly lower risk of all-cause mortality and lower risk of cardiovascular mortality [adjusted HR: 0.50 (0.31-0.81) and adjusted HR: 0.30 (0.13-0.68), respectively, Table 2 ]. There was no relationship between AAD usage and risk of ischemic stroke and CVH (both P value ³0.176; AAD -antiarrhythmic drug; AF -atrial fibrillation; BMI -body mass index; CAD -coronary artery disease; CHF -chronic heart failure; DM -diabetes mellitus; eGFR -estimated glomerular filtration rate; OAC -oral anticoagulants; SD -standard deviation; TE -thromboembolism; TIA -transient ischemic attack. * Continuous variables were presented as mean (SD) and categorical variables were presented as number (percent); ** Established CAD includes myocardial infarction, percutaneous coronary intervention and coronary artery bypass grafting; # Liver function was obtained in 5780 patients (1362 in the AAD group and 4418 in the non-AAD group). Abnormal liver function was defined as serum level of aspartate aminotransferase or alanine aminotransferase >120 U/L, and total bilirubin >34. 2 Table 2 . Association between AAD usage and patient outcomes at 1 year.
AAD -antiarrhythmic drug; CI -confidence interval; CVH -cardiovascular hospitalization; HR -hazard ratio. * Adjusted results are from Cox proportional hazards regression models. Multivariable models were adjusted for: age, sex, education status (high school completion), insurance coverage (partial or complete health insurance coverage), body mass index, smoking and drinking status (current smoking and current drinking), history of established coronary artery disease, diabetes mellitus, hypertension, hyperlipidemia, chronic heart failure, previous bleeding, stroke/transient ischemic attack/thromboembolism, abnormal liver function, estimated glomerular filtration rate <60 mL/min/1.73 m 2 , atrial fibrillation type (persistent atrial fibrillation) and time since atrial fibrillation was diagnosed (³12 months), hospital level (tertiary hospital) as well as oral anticoagulant use and treatment site (inpatients) at the penultimate follow-up; ** Incidence rate presents the number of events per 100 person-years follow-up; # Hazard ratio (HR) for AAD relative to non-AAD usage. Sensitivity analyses with prolonged observation period showed borderline significant association between AAD usage and overall mortality and cardiovascular death, although AAD was associated with more CVH (Supplementary Table 2 ). We found higher risk of CVH among female users of AAD, however, there was no evidence of heterogeneity in the effect of AAD use for other outcomes ( Figure 3A-3D ).
The prevalence of sinus rhythm was 41.6% at the penultimate follow-up, higher in the AAD group than the non-AAD group (46.3% versus 40.1%, P<0.001, Supplementary Table 3 ). , AF type (persistent AF) and time since AF was diagnosed (³12 months), hospital level (tertiary hospital) as well as oral anticoagulant use and treatment site (inpatients) at the penultimate follow-up. NVAF -nonvalvular atrial fibrillation; CVH -cardiovascular hospitalization; CAD -coronary artery disease; CHF -chronic heart failure; China-AF -China Atrial Fibrillation; AAD -antiarrhythmic drugs. 
Discussion
Results of the pivotal AFFIRM trial [5] led to guideline changes and a shift towards rate control strategy in AF patients during the past couple of decades [26] . Our present investigation using contemporary real-word data from the China-AF registry showed an association between AAD usage and lower 1-year overall mortality and cardiovascular death in NVAF patients using an "as treated" exposure definition. We observed no relationship between AAD usage and risk of ischemic stroke or CVH at 1 year. Sensitivity analyses with longer follow-up period showed a trend towards lower overall mortality associated with AAD usage.
The present finding of an association between AAD usage and lower overall mortality in AF patients contrasts with the results of the landmark AFFIRM trial, which may be attributed to a few important reasons. Firstly, the effectiveness and safety profile of AADs vary with the type and extent of concomitant cardiovascular diseases, and younger and healthier patients might benefit preferentially from rhythm control [13, 14] . The China-AF study patients on AAD therapy were younger (66.9 years old versus 69.7 years old) and had lower proportion of patients with established CAD (14.8% versus 27.6%) and CHF (14.8% versus 22.8%) in comparison with the AFFIRM cohort [5] . Moreover, our study also had fewer number of patients with new-onset AF (with worse prognosis than those with paroxysmal and persistent AF [27] ) than the AFFIRM trial (13.2% versus 35.3%). Secondly, there were variations in the medication usage between our study and the AFFIRM trial. Sotalol [19] and digoxin [28, 29] both with increased risk of mortality, were significantly less often used by patients in the China-AF study than the AFFIRM trial (4.7% versus 41.4% and 7.2% versus 32.9%, respectively). The present finding of survival benefit associated with AAD usage corroborates results of prior observational studies. The Quebec study [17] reported that rhythm control was associated with lower mortality after 5 years of AAD initiation [HR 0.77 (0.62-0.95)] and the ORBIT-AF Registry [15] reported borderline survival benefit for patients with rhythm control [HR 0.87 (0.72-1.04)], who had higher rate of comorbid CAD (33.5%) and heart failure (26.1%).
Relating to the secondary outcomes, an earlier observational study had reported a non-significant trend of lower rate of cardiovascular deaths associated with rhythm control [30] , whilst the ORBIT-AF Registry [15] showed no significant association between AAD usage and cardiovascular death. The number of cardiovascular deaths in the present study was relatively low, therefore the association between AAD usage and cardiovascular deaths should be interpreted cautiously. Our finding of a lack of relationship between AAD and ischemic stroke is similar to prior results from clinical trials [5, 7, 11] and the ORBIT-AF registry study [15] . Our study showed that AAD usage was not associated with CVH in the 1-year follow-up period, however, the association became significant when the follow-up period of non-AAD was prolonged to 2 years or more in the sensitivity analyses, similar to results of a previous trial [31] and registries [15, 30] .
Strengths and limitations
We restricted our sample to AF without reversible causes, included patients who were AAD-naive prior to registry enrollment, eliminated underlying immortal time bias, adjusted for potential baseline confounders and time-dependent covariates such as OAC use and patient treatment site during follow-up. However, there might still be residual confounding. Also, as our study was observational in nature, a causal relationship between AAD usage and lower risk of overall mortality or AAD usage and cardiovascular death should not be inferred. Effects of individual AADs on the clinical outcome of NVAF patients were not evaluated because of the relatively small sample size. Compared to the western populations, the rates of OACs usage for stroke prevention had been lower among the Chinese NVAF patients [22, 32, 33] . Fortunately, an improvement was observed in recent years in China-AF study [22] . As cardioversion was rarely used, we did not adjust for its effect when we evaluated the association between AAD usage and the prognostic outcome of NVAF patients. Moreover, we did not account for the severity of AF symptoms in our analyses which could also affect patient outcomes. AF can be regarded as a continuous quantitative entity by considering AF burden [34, 35] rather than a binary condition (presence or absence of AF) and higher AF burden is associated with higher risk of stroke and mortality, however, this was not investigated in the current study. Finally, our study was conducted primarily in Chinese patients who resided in Beijing; therefore, the results may not be generalizable to other populations.
Conclusions
Our study showed that AAD usage was associated with lower risk of 1-year all-cause mortality and cardiovascular death compared with non-AAD strategy in AF patients. An up-to-date randomized trial to compare rhythm control and rate control strategy in AF patients is warranted.
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